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AN  ESTIMATE  OP  STREAJ!  SPEEDS  ABOUT  AN  ELLIPTIC  CYLINDER 


I Sumnary 

The  main  results  are  shown  In  the  graphs*  Th(»  first  three 
of  these  relate  to  a partioular  ease  of  elliptic  d^meniilons  and 
stream  velocity;  their  value  la  essentially  in  Graph  3 which  shows 
the  variation  of  spaed  with  position  about  the  particular  ellipse. 
The  pattern  of  speeds  is  shown  by  means  of  constant  speed  lines,, 
which  are  analagous  to  lines  of  constant  elevation  on  a conto\ir  map. 
A knowledge  of  a typical  spaed  pattern  and  the  extreme  speeds  at> 
tained  for  oases  of  different  ellipse  dijoenslons  enables  one  to 
estimate  stream  speeds  at  different  points  for  these  cases.  Graph 
1;  gives  the  sne«<l  aa  a fvinetlon  of  etrsam  speed  and  ellipse 

dimensions. 

II  Theory 

1.  Let  there  be  a simple  closed  oxurve  0;  representing  a 
body,  about  wMeh  there  is  two^^iiaensional  motion  of  an  invisoid 
liquid  in  the  complex  s-plane.  This  motion  is  specified  by  the 
potential  function 

or  * <p  -f  A Y* 

where  is  the  velocity  potential  and  the  stream 

function.  At  a point  on  C the  velocity  component  normal  to  C 
is  zero.  The  V ViL*  CO  CO 

the  Y"  -constant  curves.  Suppose  f is  a conformal  mapping  of  the 
z-plane  onto  the  -plane.  Then  the  curves  f(C)  and  f (3^ -constant) 


are  orthogonal  to  the  curves  r(  -constant ) « and  f ( djf*  ) iq 
the  potential  ftmotion  for  motion  about  the  curve  f(0)  in  the  newr 
plane* 


Our  prcoeduro  for  finding  the  potential  function  for  flow 
about  a given  curve  is  to  find  a confonaal  napping  from  a known  flow 
and  ourva  to  the  desired  flow  and  ourve.  The  uz&knowc  potential 
function  is  singly  the  transfoi^d  known  potential  fuaction, 

3.  A partlcuisriy  siinple  known  flow  Is  tnat  of  a uniform  un- 
disturbed etre&im.  Appropriately  oriented  in  the  2-plane • its  po- 
tential function  la 

where  0 is  the  constant  velocity  of  flow  parallel  to  the  real  axia 
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The  aemi -major  axis  is  C co;^  the  aemi -minor  axis  is 

\o  «c  siWh^'and  7X  ia  the  distance  between  foci*  is  determined 

from  a and  b by 
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5.  Consider  a transfa  .tlon  from  the  s«Xily  plaiio  be 
the  St  ^ ^ i ^ plane  followf-d  by  a transfoxvnatlon  from  the  C%  -plans 
to  the  uratp^.ii|T  plena,  h€ t tnese  transfoznnations  be  given  oy 


(I) 


^ — X -*  xy  — C ensh 
Ur  =!  jp  + =?  U{0L-^b)  coiK  - 
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(2) 


In  ths  £>pl£ac  th*  siiipse  with  cetad-iyses  a and  b dateraalnde 

th«  oonstaat  and  saps  Into  tha  straight  line  ^ 

i£i  the  Cl  -pland  undsr  tbs  transfomatiou  (1).  New  rss  ^ ^ 

in  (2)  is  mapped  Into  the  real  axis  ur^-plane. 

Benos  motion  in  the  ur.piajse  is  imdisturbad;  ati^aaia  lines  in  this 
plane  are  lira-constcuat  and  equl-potential  lines  are  ci^«  constant* 
The  capn^«'.f,s  of  these  lines  In  the  emplane  gire  the  stream  lix»a 
and  equi-potentlal  lines  for  the  motion  about  the  body  represented 
by  the  ellipse  . 

6,  Let  u and  v be  the  x and  y components  of  velocity 
In  the  z«planee  Than 
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Thus  th#  square  of  spesd  is  the  product  of  by  its  conjugate: 


q*'  * C u ~ A V")  / u -t « v) 


For  our  caise 
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Spaed  is  then 


4- 


7,  Dlffer»#ntie,tlon  wi  th  rospecb  to  yj  gives  the  roax.lnmm  at 

y}^  f- 

Br.  The  mazimum  stpeas;  speeds  of  Graph  4 oociu*  at  the  tlpiS 
of  the  minor  axis» 


III  Illustration 

1.  Suppose  It  is  desired  to  find  the  stream  speed  at  a point 

on  '^1  « 90^»  and  a diatanoe  of  50  ft  from  the  center  of  the  ellipse 
where  the  undisturbed  stream  speed  T7  s lo  ft/seo  and  the  ellipse 
major  axis  is  IjSO  ft„  and  the  minor  axis  2$  ft.  Then  a r i|50/2  and 
b r 25/2  and  , 

uns 

a“b 

Graph  4.  ehoms  the  ratio  or  uiaxiiiuuiik  Bpdad  to  uudlstuA-'OeU  op«>«>d 

for  these  dimensions  to  be  1.C33.  This  gives 

(\  s 1.033(10)  r 10.33  ft/seo 

at  the  end  of  the  minor  axis.  In  the  region  considered  we  see  on 
Graph  3 that  stream  speed  drops  about  1/k  of  the  difference  between 
t ie  maximum  stream  speed  and  the  undisturbed  stream  speed.  At  tlie 
given  point  then  we  obtain  the  estimate 

10.33  - 1/4(0.33)  : 10.09  ft/sec. 

2,  Although  our  model  is  two-dimensional,  these  results  are 
in  qualitative  agreement  with  results  of  ths  axialyses  of  speeds 
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"iovlng  Vessel,"  by  Margenau,  Bollerman,  and  Van  Zandt,  (HPF:TR  13)- 
In  that  report,  point  and  line  sources  and  sinks  were  used  to  model 
ths  ship,  and  the  flow  calculations  were  made  in  three  dimensions. 


IV  Reference 

Mlln#* -Thomson f Thoorel'lcal  Hydrodynaailc s » Macaill&n  ana  Co» 
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